Introduction: For decades, animals have been used in sinonasal experimental models, and the practice has increased substantially in the last few years. This study aimed to assess the pathogenesis of infectious process and medication efficiency to treat rhinosinusitis. Objective: To evaluate the efficiency of the proposed experimental model to induce an acute bacterial sinonasal infectious process through histological analysis and sinus secretion cultures. Methods: This was an experimental study with 22 New Zealand rabbits, divided into: group A (six rabbits), group B (seven rabbits), group C (seven rabbits), and group D (control group with two rabbits). Rhinosinusitis was induced by the insertion of a synthetic sponge into the right nasal cavity of 20 animals (study groups), followed by the instillation of bacterial strains (50% Staphylococcus sp. and 50% Streptococcus sp.). The groups were euthanized within 10 days (group A), 17 days (group B), and 30 days (groups C and D). Results: All the rabbits of the study group developed acute bacterial rhinosinusitis, which was diagnosed through macroscopic evaluation, histological analysis, and sinus secretion culture. Conclusion: The proposed model is technically simple to perform, it is similar to the rhinogenic model in human beings, and it is highly efficient to reproduce an acute bacterial sinus infection. ଝ Please cite this article as: Dolci EL, de Campos CA, da Silva L, Dolci RL, Dolci JE. Evaluation of the ability of an experimental model to induce bacterial rhinosinusitis in rabbits. Braz J Otorhinolaryngol. 2014;80:480---9.
Introduction
Rhinosinusitis is currently one of the most prevalent diseases; it is the fifth most common disease that requires antibiotics. 1 Approximately 25 million people are diagnosed with sinusitis each year in the United States, making it one of the main diseases that require medical attention with otorhinolaryngologists and general practitioners. The direct and indirect costs associated with rhinosinusitis are high, and include diagnostic methods, therapy, procedures, medications, and decreased productivity. 2 The prevalence of acute rhinosinusitis (ARS) and chronic rhinosinusitis (CRS) in the general population is quite high, but it is difficult to accurately estimate this prevalence, primarily because many of the episodes are self-limited and mildly symptomatic, and do not compel the patient to seek health care. Rhinosinusitis is responsible for 9% of all antibiotics prescribed to the pediatric population and 21% of the total prescribed for the adult population in the United States, costing approximately US$ 5.8 billion; US$ 150 million are spent on antibiotics alone. 3, 4 Several attempts to model the disease in animals have been made; studies with rabbits are the most frequent. These animals have sinonasal anatomy and physiology very similar to humans. They are well suited for studies involving surgical procedures, but they experience a high mortality when in prolonged stress. Other animals used for research are the Wistar and Sprague---Dawley rats, guinea pigs, and sheep. 5 ---7 Experimental models of rhinosinusitis discussed in the literature aim to induce inflammation in the paranasal sinuses similar to that experienced by humans. Experimental models have been used to study the physiopathogenesis of inflammation and to evaluate treatment outcomes. 8---10 Studies have utilized obliteration of nasal passage maneuvers, sinus drainage ostium obstruction, and instillation of inflammatory process mediators and even materials that act as a culture medium in the nasal passages. 11---14 The literature search retrieved no detailed experimental model of acute bacterial rhinosinusitis that included a thorough histological analysis of both maxillary sinuses (induced side and contralateral side) and a microbiological analyses of both maxillary sinuses in the presence of a bacterial infection.
No studies that had analyzed the nasal packing when it was used as the method for bacterial rhinosinusitis induction were retrieved. Such an analysis could correlate the microbiological findings of the nasal cavity with those of the maxillary sinus. The few studies that have assessed this correlation did not find significant results. 15 It was also observed that many studies aimed to produce an infectious picture or to evaluate the therapeutic efficacy of drugs. Therefore, few studies have evaluated the histological and microbiological alterations in the period following the diagnosis of acute sinus infection process without the use of any medication, after removal of the nasal packing, i.e., they did not analyze the recovery period.
Therefore, the literature lacks a simple to perform, easily reproducible, and highly effective experimental model to induce acute rhinosinusitis in animals that has been used to assess microbiological and histopathological parameters on both maxillary sinuses and to analyze nasal packing to study A  6  10  10  B  7  17  10  C  7  30  10  D  2  30 the association between the bacteria found in the sinuses and in the nasal passages.
There are still some doubts in the literature regarding the physiopathology and treatment of acute rhinosinusitis, such as the expected period after diagnosis to start the antibiotic therapy, the evaluation of patients with recurrence right after the end of treatment, and why some patients develop recurrent and/or chronic conditions after an acute rhinosinusitis episode.
Methods
The study was approved by the Ethics Committee on Animal Experimentation (EAEC) and was performed in a private institute, under approval number 008-12. The animals were kept in individual cages, appropriate for the breed and weight. They were offered free food and water throughout the period they were confined. All animals were kept under standard conditions for a period of eight days prior to study initiation. All surgical and experimental procedures were performed in the same institute, in accordance with the ethical principles in animal experimentation, postulated by the Brazilian code for animal experimentation (Código Brasileiro de Experimentação em Animais [COBEA]). Preparations and histological analyses were performed in a private laboratory. Microbiological studies were conducted in the microbiology laboratory of a tertiary hospital.
A total of 22 New Zealand white adult rabbits, of both sexes, weighing between 2500 and 3000 g were used at the beginning of the experiment. The rabbits were divided into four groups: group A (six rabbits), group B (seven rabbits), group C (seven rabbits), and group D as control (two rabbits). The rabbits in group A were euthanized on the day of the nasal packing removal, 10 days after the experiment induction. The rabbits in group B were euthanized 17 days after induction, and the rabbits in group C were euthanized 30 days after induction. The two rabbits from group D were kept in a separate environment, in a different room from the animals in the study groups for 30 days, and euthanized together with the group C rabbits ( Table 1 ). The nasal packing and bacterial toxoid were not introduced into these two animals.
An experiment was performed in order to obtain a sinonasal inflammatory process through the nasal cavity of the animals, simulating an acute infectious rhinosinusitis. The rabbits were submitted to general anesthesia and a sterile Merocel ® nasal pack measuring 0.3 cm × 0.5 cm × 2.5 cm was introduced into the right nasal cavity using sterile bayonet forceps, followed by instillation of 1 mL of streptococcal and staphylococcal toxoid (Toxoidepot ® ) in the ipsilateral nostril using a sterile syringe and insulin needle. The toxoid instillation was performed in the nasal cavity after placement of the nasal packing, in order to standardize the toxoid amount in all animals. The packing was removed on the 10th day after the start of the experiment from all animals in the three study groups.
Opening and exposure of the anterior wall of the maxillary sinuses were performed bilaterally in each animal, initially on the left side to prevent contamination of the contralateral side to that of the induction experiment, using swabs to collect secretion from them (Cuturet ® ). The materials were kept at room temperature without exposure to sunlight and sent to the laboratory 24---36 h after collection.
All secretion samples were prepared on slides and stained by the Gram technique for bacterioscopic analysis. Thus, the slides were stained with methyl violet, fixed with Lugol's solution, discolored with ethyl alcohol, and again stained with safranin. Slide reading was performed by light microscopy with oil immersion objective (1000×).
After the bacterioscopic analysis, the materials were seeded in blood agar, chocolate agar, and Sabouraud agar. Plates of blood agar and chocolate agar were incubated at 35 ± 2 • C. Daily readings of the plates were performed up to 48 h for blood agar and chocolate agar media, and up 15 days for Sabouraud agar.
Immediately after euthanization, the structures lining the face of the rabbits were dissected, and the anterior wall of the maxillary sinus was opened, as well as the outer wall of the nasal cavities. Then, the inner mucosa of the maxillary sinus was removed ( Fig. 1 ).
Mucosal samples were obtained from the rabbits after removal of the inner mucosa of the maxillary sinuses, and immediately fixed in 10% buffered formalin; the samples remained in this solution for a minimum of 24 h for adequate fixation. They remained 24---48 h under the authors' responsibility, and were then sent to the pathology laboratory. Subsequently, the cleavage of samples was performed and the histological processing itself was started (dehydration in successive baths with increasing concentrations of ethyl alcohol, diaphanization in xylene; samples were then paraffin-embedded at 60 • C). Then, the microtomy was performed, with each histological slice having a maximum thickness of 4 m. Finally, the slides were stained with hematoxylin-eosin (HE) and mounted on coverslips for microscopic examination by the pathologist.
All slides were analyzed by a single pathologist, who was unaware of the group to which the specimen belonged. A semi-quantitative assessment of the alterations found during the analyses was performed.
Subsequently, the samples were classified using the adopted criteria for inflammation according to Marks 16, 17 : 0, no inflammation; 1, mild inflammation (sparse inflammatory cells without epithelial lesions); 2, moderate inflammation (diffuse inflammatory infiltrate in the lamina propria, without formation of inflammatory aggregates with focal lesions of epithelial cells characterized by disorganization and disruption of epithelial cells); 3, intense inflammation (dense diffuse inflammatory infiltrate with formation of aggregates of inflammatory cells, with diffuse lesion of epithelial cells characterized by disorganization and disruption of epithelial cells); and 4, severe inflammation with ulceration. The fibrous-connective proliferation The nasal packing removed from the rabbits' nasal passages was analyzed for microorganism culture through
Figure 2
Sinus mucosa on the right side of the study group euthanized after 10 days, with moderate inflammation characterized by diffuse inflammatory infiltrate in the lamina propria, without formation of inflammatory aggregates (grade 2), delimited by arrows ---optical microscope, HE staining, 100× magnification.
Figure 3
Sinus mucosa on the right side of the study group euthanized after 17 days, with severe inflammation (grade 3), demonstrating the epithelium permeated by neutrophils (filled arrows) and fibroblasts (hollow arrows) in the superficial corium. Optical microscope, HE staining, 200× magnification.
Hemobac ® in the same microbiology laboratory. The Hemobac Triphasic ® System is a product used in cultures of blood and blood components, stem cells, body fluids, and parenteral nutrition; in the present study, the Pediatric Hemobac Triphasic ® system was used. The system consists of two elements: a plastic container containing 30 mL of broth supplemented with yeast extract and sodium polyanethol sulfonate (SPS) and a dipslide (Fig. 4) . The latter has two faces: a broad face, consisting of chocolate agar and CO 2 indicator to detect bacterial and/or fungal growth, and a divided face, consisting of Sabouraud agar and MacConkey agar.
Figure 4
Container with supplemented broth to the left and dipslide to the right. Dipslide side consisting of chocolate agar (H) and CO 2 meter (i).
Figure 5
System after the end of the incubation period. Nasal packing (T) inside the container of supplemented broth, CO 2 indicator (i) with a strong pink color due to the presence of micro-organisms and chocolate agar medium (H) with the presence of bacterial colonies.
The nasal packing was placed inside the container with the broth, soon after its removal from the nasal cavity of the rabbit, followed by occlusion of the container. For each nasal packing removed, one Pediatric Hemobac Triphasic ® system was used. This was gently shaken for homogenization of the sample with the broth. The material was kept for 72 h at room temperature with no sunlight exposure or manipulation of the material. The system was repositioned at the original position so that all the liquid medium would return to the bottom of the container. All materials were again incubated at 35 ± 2 • C and observed twice daily for colony identification and/or change in the CO 2 indicator (Fig. 5 ).
The incubation period was seven days and then the separation of the two containers and the identification of colonies present on solid medium were performed. The chocolate agar and MacConkey agar media were used for bacterial identification. The materials were kept incubated for another eight days, totaling 15 days at room temperature, for the investigation of fungi on Sabouraud agar.
Statistical analysis was performed to assess the degree of mucosal inflammation, connective-fibrous proliferation and the presence or absence of bacteria according to the day of animals' euthanization. All groups of bacteria found in the sample on both sides were described using absolute and relative frequencies. The degrees of mucosal inflammation and connective-fibrous proliferation were compared between the days of euthanization using the Kruskal---Wallis test, 18 followed by Dunn's nonparametric multiple comparisons test 19 to compare days two by two, when necessary. For the presence or absence of bacteria, the association was verified using the likelihood ratio test. 18 The concordance between the swab and culture performed in the buffer was described according to the days of euthanization and the existence of an association of the concordance with the days of euthanization was verified using the likelihood ratio test. The tests were performed with a significance level of 5% (p < 0.05).
Results
A total of 22 rabbits were used in the study, with 20 rabbits in the study group and two rabbits in the control group. None of the animals died during the study period. After nasal packing removal, on the 10th day of the experiment induction, all rabbits had unilateral purulent rhinorrhea. Thus, all the rabbits euthanized in group A had purulent rhinorrhea at that moment. Few rabbits from group B showed evident rhinorrhea before euthanization. No rabbit from group C had evident rhinorrhea in the nasal cavity at the time of euthanization. However, many rabbits from group B and some rabbits from group C had purulent secretion in the maxillary sinus after euthanization of the animals and exposure of these anatomical structures.
Secretion culture and bacterioscopic analysis
Secretions from the right and left maxillary sinuses of all rabbits were collected and analyzed. The bacteria found during the analyses were classified into the following groups: non-fermenting Gram-negative bacilli (Acinetobacter baumannii, Acinetobacter Iwoffii, Achromobacter sp., and Pseudomonas aeruginosa), Gram-negative enterobacteria bacilli (Escherichia coli), Gram-positive bacillui (Bacillus sp.), and Gram-positive cocci (Micrococcus sp., coagulasenegative Staphylococcus, and Staphylococcus aureus). The results are described in Table 1 . Table 2 shows that the most common group of bacteria found on the side submitted to rhinosinusitis induction (right side) was the group of Gram-positive bacilli (44.4%), while on the contralateral side it was the group of non-fermenting Gram-negative bacilli (40.9%). A higher incidence of Gramnegative bacteria was identified in the total number of assessed rabbits. These were identified in 15 animals (75%); and Gram-positive bacteria were found in only nine animals (45%). The microorganism most often found in the cultures of the right maxillary sinus of the rabbits was Bacillus sp., identified in 11 rabbits. Seven rabbits had two microorganisms in culture tests from the right side.
Swab positivity was evaluated bilaterally in the collected samples. The results are shown in Table 3 . Table 3 demonstrates that there is no statistically significant association in swab positivity on the right side (p = 0.468). Swab positivity on the left side was statistically Absolute and relative frequencies.
associated with the day of euthanization and that positivity decreases with each passing day (p = 0.039). The cultures of the maxillary sinuses of the two rabbits used as controls showed no bacterial growth.
Histological analysis of sinus mucosa
Histological analysis of the right and left maxillary sinus mucosa showed some degree of inflammation in most samples. The results of the semi-quantitative histological evaluation of mucosal samples are shown in Table 4 .
There was a statistically significant difference between groups regarding the degree of inflammation in the induced side (p = 0.009), with no statistically significant difference in connective-fibrous proliferation between the groups (p = 0.420; Table 4 ). On the left side there was no statistically significant difference in either parameter. Regarding the degree of mucosal inflammation in the left maxillary sinus, only grades 0 and 1 were observed. Table 5 presents the comparison of the inflammation grade on the right side in relation to the three study groups, showing that the degree of inflammation in group A (day 10) was statistically higher than in group C (day 30), p = 0.002.
Histological analysis of the right and left sinuses of the two rabbits in the control group showed grade 0 inflammation and absent fibrous-connective proliferation.
Nasal packing analysis
The association between the bacteria found in the swab from the right side and the bacteria identified in the Merocel ® nasal packing was analyzed.
No statistically significant association was observed between concordance of bacteria found in the nasal swab and nasal packing according to the groups (p = 0.171; Table 6 ).
The Merocel ® nasal packing used as control through the Hemobac ® system showed no bacterial growth.
Discussion
Several experimental models have been utilized to induce rhinosinusitis and are described in the literature. 20 Rabbits are the most commonly used animals in this type of study, followed by rats and sheep. It was decided to use rabbits, since they show more anatomical and physiological similarities with the human sinonasal cavities, as reported by Casteleyn et al. 21 These experimental models have assessed several aspects of sinus infection. Anatomical, physiological, and pathological alterations of the paranasal sinuses have been evaluated, 13, 16, 22, 23 and comparisons of the effectiveness of different treatments for rhinosinusitis have been conducted. 8,9,11,24---26 The study and identification of the presence of bacterial biofilms have also been performed. 27 Different methods have been used to induce bacterial sinus infection in rabbits. Earlier studies advocated definitive maxillary ostia obstruction through surgical procedures or use of glue. 6,22---24 Although this model of rhinosinusitis has been shown to be extremely effective in the formation of purulent rhinosinusitis, inflammation was generally limited to the maxillary sinus, as a sinus abscess. Furthermore, the manipulation used to generate the ostium obstruction was performed through the sinus cavity into the nasal cavity. Likelihood ratio test results. Kruskal---Wallis test results. In the present study, rhinosinusitis induction was performed by inserting a synthetic sponge in the right nasal cavity of the animals, which was removed after 10 days in all groups. This method is technically simple, causes little damage to the nasal mucosa, and the packing is easy to remove in the rabbits that continued in the study. Furthermore, this method does not cause permanent alterations in the nasal mucosa of the animals and is reversible, allowing for the assessment of histological recovery after acute rhinosinusitis induction.
Some authors performed the inoculation of the infectious agent inside the maxillary sinus 7, 22, 25, 26, 28, 29 and others, inside the nasal cavity. 15, 20, 30 The authors chose not to use the first technique, as it is more invasive and causes iatrogenic alterations in the sinus mucosa. Some studies have demonstrated that the simple obliteration of nasal passages would be enough for the development of a bacterial infection condition. 7, 13, 31 The inoculation of streptococcal and staphylococcal toxoid was used in conjunction with the synthetic sponge packing in the same nasal cavity. It was decided to use the toxoid inoculation aiming at standardizing the pathogenic agents present in the samples with the agents that cause 15 who used computed tomography to disclose the presence of infection in the maxillary sinus of rabbits from day six after induction of rhinosinusitis with toxoid inoculation and on the eighth day without toxoid inoculation. After the sponge removal on the 10th day, all animals had unilateral purulent rhinorrhea in the nasal cavity where they were inserted. This result is consistent with those of other studies 15, 26, 32 applying similar methods through the rhinogenic route, a model originally proposed by Marks, 20 using only the insertion of toxoid and/or buffer through the nasal cavity. Marks 20 had 83% success with this method; Liang et al. 31 obtained 91.7% success in the induction of acute infection.
The presence of purulent rhinorrhea in the nasal cavity of the study animals was chosen as the main diagnostic criterion of acute rhinosinusitis. Microbiological and histological evaluations of the animals from group A allowed for the assessment of the infectious process at the time of diagnosis, i.e., 10 days after the start of the experiment. After that, the acute rhinosinusitis recovery period without any treatment was observed. Therefore, some rabbits from group B still had secretions in the nasal cavity and the maxillary sinuses after being euthanized, while some rabbits from group C still had secretion in the maxillary sinuses at the time of euthanization.
In the microbiological and histological analyses of the rabbits in group A, all animals had positive swab of the maxillary sinus for microorganisms and signs of mucosal inflammation bilaterally. The rabbits in groups B and C showed some negative results of the maxillary sinus swabs, while the histological evaluation demonstrated that all animals still had some degree of inflammation in the right maxillary sinus. Considering these results, it can be noted that, during the evolution of an acute bacterial rhinosinusitis picture, inflammatory findings in the sinus mucosa persist longer than the presence of the microorganisms causing the infectious process.
Most of the studies that used strains of Streptococcus pneumoniae to aid in the induction of rhinosinusitis demonstrated its replacement by other opportunistic pathogenic agents. Westrin et al. 33 used this bacterium for the induction and observed its replacement after an average of five days. Cheng et al. 26 did not isolate this agent in any rabbit 10 days after the start of induction. In the present study, S. pneumoniae was not identified in any of the assessed rabbits.
Most models described in the literature did not evaluate the contralateral sinus to that of the experiment induction. Few studies reported culture of the material from the contralateral sinus, and when performed, the studies had a small sample size. Liang et al. 31 reported little bacterial growth in nasal cavities without the presence of rhinosinusitis. In the present study, bacteria were found in the contralateral sinus of 14 rabbits (70% of total). The authors believe that the progression of the inflammatory condition in the nasal mucosa also favors the growth of opportunistic bacteria on the contralateral side of the induced experiment side.
Histological analysis of the sinus mucosa in rabbits submitted to experiments for rhinosinusitis induction was performed in most studies, with several goals. Its assessment was used as a diagnostic criterion for the presence of sinus infection, 15, 20, 29, 31 in the assessment of infection severity, 16, 34 in the comparison of the effectiveness of different treatments for rhinosinusitis, 12, 14, 25 and in the physiopathological changes after the induction of an acute sinonasal infection. 13, 24, 30 The semiquantitative analysis was used in the present study in order to assess inflammation intensity and compare the three study groups (euthanization after 10, 17, and 30 days). A statistically significant difference was observed in the degree of inflammation between rabbits of the group euthanized at 10 days and the group euthanized at 30 days. Thus, it was demonstrated that the inflammatory process will regress after removal of the nasal packing. But even after 30 days of the start of the experiment (20 days after packing removal), many rabbits still showed inflammation in the sinus mucosa. This finding indicates that acute rhinosinusitis causes more prolonged histological changes than the macroscopic findings and that they persist for a few weeks until complete regression.
Few studies have performed the histological analysis of the maxillary sinus mucosa in the contralateral side of the affected sinus. Jyonouchi et al. 23 observed an increase in glandular and goblet cells in the contralateral sinuses, as well as mild stromal thickening. However, they used permanent obliteration of the sinus ostium with cyanoacrylate as the induction method. Gentian et al. 30 observed no alterations in the contralateral nasal cavity. Liang et al. 31 evaluated only some control sides and found no histological alterations.
The authors believe that this is a quite significant finding and that a progression of inflammation as a response in the entire respiratory epithelium to a local infectious focus can occur, and it can trigger a greater response even in areas without direct continuity. This also occurs in asthma patients with allergic rhinitis and/or rhinosinusitis, whose pulmonary condition deteriorates as a result of the worsening of the nasal condition, an association known as unified airway. There are some other hypotheses for its occurrence, such as nasobronchial neural reflex, contamination of the lower airways with inflammatory cells and mediators through posterior nasal secretion, or absorption of inflammatory cells of the nasal epithelium by the systemic circulation and consequently, into the bronchial mucosa. 35, 36 Future studies are needed to assess the association of this response in the presence of rhinosinusitis.
The assessment of the connective-fibrous proliferation showed no statistically significant difference between the groups. Therefore, this parameter could not be used as a marker of infectious process chronicity. The number of rabbits may not have been sufficient to reproduce statistical alteration in this assessed parameter.
In recent decades, most of the experimental studies in rabbits used the insertion of a nasal packing for rhinosinusitis induction. The material used in the studies was Merocel ® synthetic sponge, 15, 20, 26, 31 gelatinous sponge, 32 or polyvinyl sponge. 7, 29 The objective was to establish an inflammatory and infectious process through obstruction of the sinus ostium. Another hypothesis suggested to initiate this process was the inflammatory reaction of the nasal mucosa to a foreign body, causing a disruption of the ostiomeatal physiology. 7 Nonetheless, the literature search retrieved no studies that performed the analysis of nasal packing for microorganism culture, or with some other objective.
Kara et al. 15 cultured the right maxillary sinus (infection induction side) and right nasal cavity of all rabbits, through swab collection. This was performed in only one region of the nasal cavity. They expected the dissemination of bacteria from the nasal cavity into the sinus, but did not observe that finding.
The assessment of nasal packing was performed so the microorganisms present in the nasal passages, where the induction of the infection was performed, could be accurately analyzed. This method was used to correlate the bacteria present inside the nasal cavity with the bacteria found in the maxillary sinus. No significant association was observed between the bacteria present in these two different anatomic sites. This association was not observed even in the first group of euthanized rabbits, in whom the removal of the nasal packing was performed on the same day, 10 days after the start of the study.
Conclusion
The experimental model, conducted and assessed by histopathological parameters of the sinus mucosa, through culture of sinus secretion and nasal packing and by assessing the presence of nasal secretion, was shown to be capable of inducing acute bacterial rhinosinusitis in 100% of the animals used in the study.
